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• Spin-Torque and Giant Magneto Resistance 
(GMR)

• Switching condition for spin-current-induced 
transitions

• Thermal-activation of spin-current-induced 
precessional state

• Conclusion



GMR and Spin-TorqueGMR and Spin Torque
• Carriers with spin anti-parallel to p p

the magnetic moment have a higher 
probability of scattering.
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• When carriers scatter, interaction 
tends to align the spin of the 
carriers with the magnetic moment, 

→

→

which in turn delivers a spin-torque 
to the magnet.

• Thus can use a large fixed magnet• Thus, can use a large, fixed magnet 
to generate spin polarized current in 
order to manipulate a small, free 
magnet.



GMR and Spin-TorqueGMR and Spin Torque
• The same can be done in reverse, ,

via back scattering of anti-parallel 
spins. In conjunction of the original 
spins this provides an equivalent

→

→

spins, this provides an equivalent 
strength spin-torque effect.

→ FM
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• Therefore, can manipulate a free 
magnet’s orientation simply by 
applying a strong enough current inapplying a strong enough current in 
either direction.



Spin-Valves and MeasurementsSpin Valves and Measurements

St t l• Strong external 
perpendicular magnetic 
field brings moments 
out of plane for simpler 
dynamicsI V

Co
Cu

Co

• Use 4-point probe to 
measure GMR. Thus, B will know the relative 
orientation of the free 
and fixed magnets.

B
Elliptical spin-valve Co(3.7 nm)/
Cu(10 nm)/Co(12 nm) with lateral gCu(10 nm)/Co(12 nm) with lateral 
dimensions from 50 to 150 nm. 



Energy Modification and ModelEnergy Modification and Model
• Landau-Liftshitz-Gilbert (LLG) 
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Spin-Current Modification of Energy Landscape

equation with Spin-Torque gives 
Spin-Current Modification of 
Energy Landscape
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• This becomes a thermally 
activated process
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Sweeping CurrentSweeping Current
A higher sweep rate will result in less time for thermal activation. Thus, a higher 
current is reached before free magnet is switched
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current is reached before free magnet is switched.
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Field DependenceField Dependence
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Here we show the field dependence of the offset (left) and slope (right) measured at room temperature
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(black) and 4.2 K (blue) of Ic vs. Log10{dI/dt}, for the same two pillars. Note that the error bars are mostly
smaller than symbol sizes.



Temperature DependenceTemperature Dependence
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At temperatures between 4.2 and 300 K, we observe little to no dependence of the offsets (left). The
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observed slope (right) show a decreasing dependence on temperature. The squares (circles) show data
for a 50×150 nm2 (50×100 nm2) nanopillar.



ConclusionConclusion

• Energy landscape is modified by Spin-Current to aEnergy landscape is modified by Spin Current to a 
regime where a thermal-activation occurs.

• Model has qualitative agreement in offset dependence q g p
on both applied field and temperature.

• Joule Heating cannot fully explain discrepanciesg y p p
• Temperature dependence of parameters in Model 

could resolve failed prediction of slope behavior.

( ) ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎥
⎦

⎤
⎢
⎣

⎡

⎭
⎬
⎫

⎩
⎨
⎧

+
⎭
⎬
⎫

⎩
⎨
⎧++=

)()(4
lnln1)(2

2
1

TTkTedt
dITkmBTeI

B
Bc

o

h

h γα
ηα

⎠⎝ ⎦⎣ ⎭⎩⎭⎩ )()( B oγ


